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Abstract
Improved (high yield and disease resistant) cassava varieties were introduced into Ethiopia around the onset of the twenty-first
century, as a potential food security crop. At present, limited information is available from the country on post-production aspects
of the value chain (VC) and related food losses. The lack of such data prevents policymakers and VC actors from taking steps
towards improving VC efficiencies, which can have a significant impact on livelihoods and food security. The focus of this study
was to examine the prevailing post-harvest practices in the cassava VC in southern Ethiopia and quantify the extent of food losses
and associated by-products in the framework of the recently developed ‘food loss and waste protocol’. The majority of the
cassava in the study area was processed into dry chips and milled into a composite flour with teff and maize to prepare the staple
bread (injera). ‘Critical loss points’ were during sun-drying (4%) and stockpiling at farm and marketplace (30–50%). Insect pest
damage was primarily responsible for food losses at farm and market level. The most important insect species infesting dry
cassava were identified during the survey. As far as the by-products were concerned, the ratio of leaf:wood (stem and
stump):starchy root on a dry matter basis at harvest was 1:6:10. Further emphasis should be on improving processing and storage
technologies to reduce food losses and the better recovery and utilisation of by-products, especially the leaves of cassava, which
could be a potential source of protein in human diets.
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1 Introduction
The southern region of Ethiopia is known for its high popula-
tion density (with several districts having densities of 300–
500 people/km2 (Adugna 2014)) and production of space
and time effective root and tuber crops (Lebot 2009), such
as enset (Enset ventricusum), potatoes (Solanum tuberosum),
sweet potatoes (Ipomoea batatas), taro (Colocasia esculenta),
and cassava (Manihot esculenta). For example, in Africa, cas-
sava provides 50,000 kcal/ha/day, in comparison to about
20,000 to 25,000 for wheat, rice and maize (based on
FAOSTAT 2016; USDA 2016). Cassava has been produced
and consumed at smallholder level as a food security crop in
southern Ethiopia for several decades (Taye and Biratu 1999;
Mulualem and Weldemicheal 2013; Haile 2015). The impor-
tance of cassava as a water-stress resistant crop has increased
in the country since the drought-induced famine of 1984–85
when approximately one million Ethiopians lost their lives
and 2.5 million were displaced internally (Nebiyu 2006;
Yebo and Dange 2015). National research programs and the
government of Ethiopia have considered cassava as a potential
crop to address general food insecurity due to recurring
droughts and erratic rainfall in the country (EARO 2000;
Nebiyu 2004; Anshebo et al. 2004; Kassa 2013). The im-
proved cultivars (high yielding and cassava mosaic disease
(CMD) resistant) were introduced by the International
Institute of Tropical Agriculture (IITA) in the country with
the collaboration of the national research programs in 2005–
2007 (Anshebo et al. 2004; Atser 2012; Mulualem 2012). At
present, the majority of cassava is produced and consumed in
the southern, southwestern and western parts of the country
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(Taye and Biratu 1999; Anshebo et al. 2004; Mulualem 2012;
Haile 2015). Overall, there is a lack of reliable data from the
country on cassava production and consumption. However,
the southern regional agricultural bureau estimates that cassa-
va production has increased fivefold since the introduction of
improved cultivars and the expansion of area under cultiva-
tion. In the years 2000 to 2004 approximately 50,000–60,000
tons of cassava was produced on ~5000 ha, in comparison to
250,000 tons on 12,800 ha (average yield of ~19.53 tons/ha)
in 2011 (Tadesse et al. 2013; Haile 2015). Preliminary reports
from the southern region of the country suggest that cassava is
consumed more frequently in low-income households, and
fills the food shortage periods of the year, when supplies of
cereal crops such asmaize and teff are short (Haile 2014; Balta
et al. 2015; Legesse and Geta 2015). Webb et al. (1992) men-
tioned that during a household survey in the Wolayita zone, in
1985, 50% of the respondents claimed that cassava as a source
of food and income was crucial to replacing some of the losses
of other crops. In a relatively recent study, Legesse (2013)
concluded that in one of the districts (Amaro), in the southern
region, the households that were involved in cassava produc-
tion were better off regarding calorie intake and income than
the households which did not cultivate cassava. Abuye et al.
(1998) associated high consumption of cassava in three vil-
lages of the Gamo-Gofa zone (in southern Ethiopia) with the
increased prevalence of goiter; however, in the recent litera-
ture (Haile 2015), there has not been a report of cassava tox-
icity (perhaps due to the introduction of improved varieties).
The majority of the research and development on cassa-
va in Ethiopia has focused on crop production, particularly
cultivar adaptability and selection (Nebiyu 2004, 2006;
Mulualem 2012; Mulualem et al. 2012; Shonga et al.
2012; Mulualem and Weldemicheal 2013; Laekemariam
2016), and nutritional and anti-nutritional factors (Desse
and Taye 2001; Enidiok et al. 2008; Nebiyu and
Getachew 2011; Kebede et al. 2012; Haile et al. 2014;
Haile 2014). The research on post-harvest food losses of
cassava in the country is deficient; literature available on
cassava from the country is not adequate to conduct a
comprehensive post-harvest food loss assessment (Tadesse
et al. 2013; Yebo and Dange 2015; Mulualem and Dagne
2015; Markos et al. 2016). The lack of such information
prevents the national research institutes, government, devel-
opment organisations and other stakeholders from
recognising the socioeconomic, nutritional and environmen-
tal significance of the problem (FLWP 2016). Global annu-
al estimates of cassava food losses are close to 30–40%
(Westerberg et al. 2012; Naziri et al. 2014). Such signifi-
cant losses can have a direct impact on food security and
income of smallholders and the poor in developing coun-
tries like Ethiopia, with large populations (105 million (UN
2017)), and high prevalence of undernourishment (32% of
the population (GFSI 2014)).
The objective of this study was to assess the current state of
the cassava post-harvest value chain (VC) from harvest to
retail in the southern region of Ethiopia; to illustrate the key
actors and their roles; and, assess the magnitude and related
causes of the food losses and other by-products associated
with production and processing. The particular focus was to
assess how much, where and when cassava food losses occur
and what are the main contributors to these losses. Past expe-
rience shows (Gustavsson et al. 2011; Hodges et al. 2011;
Kummu et al. 2012) that the food losses at consumption stage
(sometimes referred as ‘food waste’) is a phenomenon of the
developed world (rich economies, where food is in abun-
dance), hence the consumption stage of the VC was not con-
sidered for this assessment.
2 Material and methods
2.1 Study sites
In consultation with the Ethiopian Institute of Agricultural
Research (EIAR) and the regional agricultural research sta-
tions, three woreda (sub-regional administrative divisions):
Sodo-zuria, Ofa, and Kindo-koysha in the Wolayita zone of
the SNNPR (Southern Nations and Nationality People’s
Region) were identified for the study. In each woreda, three
kebele (smallest administrative division) were selected, cover-
ing a total of nine kebele namely: Wachiga-Busha, Tome-
gerere, Bukama-fekaka, Dakaya, Wachiga-yesho, Sere-yesho,
Molticho, Hanaze, and Zebeto. Apart from the woreda level
town markets (Sodo, Gesuba and Bale), three major urban
markets namely Hawassa, Arba-minch, and Shashemene sur-
rounding the zone were also surveyed (Fig. 1).
The Wolayita zone is located at 6°36′ to 7°18′ north latitude
and 37°12′ to 38°24′ east longitude and at an altitude ranging
from 700 to 2940 m.a.s.l. The vegetation is classified as wood
bushland, and topography consists of rocky, undulating pla-
teaus, mountains and steep slopes with the highest peak of an
extinct volcano (Mount Damota) extending into Lake Abaya
and Omo river (Bekele and Butako 2011). The soil classifica-
tion varies from Humic Nitosols and Chromic Luvisols in
Sodo-zuria to Lithic Leptosols in Ofa and Kindo-koysha. The
rainfall pattern is bimodal: June –October as long rainy season
and March – April as the short rainy season. Annual precipita-
tion ranges from 1000 to 1800 mm in the zone (NMSA 1996).
TheWolayita zone is one of the most populated parts of the
region with a population density of over 351/km2. About 90%
of the zonal inhabitants reside in the rural area having agricul-
ture and livestock rearing as their primary economic activities
(CSA 2007). The rural communities of the zone often face a
moderate food consumption gap (USAID 2016). Balta et al.
(2015) reported that up to 72% of the households in Sodo-
zuria woreda experience food shortages for up to six months
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in a year, and rely on food aid. Some of the key limiting factors
leading to such a situation in the area are erratic rainfalls, soil
infertility, soil erosion and the increasing population density.
The principal crops in the study area are maize, ensete, cassa-
va, sweetpotato, red-beans (haricot beans), taro, yams, teff,
and coffee.
2.2 Conceptual framework: Food loss quantification
‘Food loss and waste accounting and reporting
standard’ (FLWP 2016) was the guiding approach for
the study. The methodology is a recent development
towards standardising food loss and waste assessments
and is the result of a multi-organization collaboration
among which the Food and Agriculture Organisation
of the United Nations (FAO), the United Nations
Environment Programme (UNEP) and the World
Resource Institute (WRI) were some of the leading con-
tributors. The purpose of a global quantification stan-
dard is to maintain consistency in measurements and
to enable efficient tracking of food losses and wastes.
The definitional and structural framework based on FLWP
(2016) in the context of the current study is described in Fig. 2.
The four essential components of the methodology are the
material types (food and inedible parts), destinations, time
frames, and boundaries. The combination of these four dimen-
sions is defined as the scope of the study.
The majority of the dehydrated cassava chips were
traded (~ 95%) and were later milled into flour to serve
as a supplementary to teff (Eragrostis tef) and maize
(Zea mays) in a composite flour for the preparation of
injera (Ethiopian staple flatbread). The material types
which were considered for quantification were food loss
and inedible parts (or by-products) along the VC with
their specific destinations. Boundaries were set from
harvest to retail for the dried cassava VC (which includ-
ed processing of fresh roots into cassava chips and
flour). The flow of the major VC steps (production,
harvest and post-harvest activities) and associated actors
considered for the study are presented in Fig. 3. The
VC map also presents the tools and facilities used by
the local producers, labor requirements and gender seg-
regation of the activities.
2.3 Data collection and analysis
The FLW standard provides a diverse range of quantifica-
tion tools depending on the framework of the study and
available resources. During this study, the ‘measurements
and approximations’ tools were used, which include ‘di-
rect weighing’, ‘assessing volumes’ and ‘survey’ along the
post-harvest VC (harvest to retail) of dry cassava. The
study was carried out during the Meher harvest season
(October to February) 2015/16. A cross-sectional survey
in addition to direct weighing is critical for designing
Fig. 1 Map of the study area.
(Square dots represent the
coordinate locations of individual
kebeles). (Source: Generated by
QGIS 2.8.1 mapping tool by the
first author, using the coordinates
collected by Garmin GPS device)
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effective intervention strategies, as it provides insights into
attitudes, values, and limitations associated with particular
food losses (FLWP 2016). A total of 137 VC actors were
interviewed which included 74 traders (wholesalers,
millers, and retailers), and 63 farmers. Background charac-
teristics of the respondents with their locations are present-
ed in Table 1. Open and closed questionnaires were ad-
ministered in the study area to collect quantitative and
qualitative data on production and post-production man-
agement of crop, food loss and inedible parts during har-
vest, processing, and marketing of dry cassava.
Fig. 3 Value chain map of dried cassava in the Wolayita Zone, Ethiopia
Fig. 2 Conceptual frame and
scope of the assessment. (Source:
Based on FLWP,2016)
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The specimens of insects infesting dry cassava were
collected randomly from 3 to 4 infested cassava chips
sacks during visual observation (by hand and vial as
descr ibed in Grootaer t e t a l . (2010)) from 24
wholesalers’ storage warehouses (11, 11 and 2 in
Sodo, Gesuba and Bale, respectively) for taxonomic
identification. The insect specimens were kept in 70%
ethanol until identified.
Data collected from the survey and measurements
were initially inserted in Microsoft Excel 2016
(Microsoft Corporation, USA), and subsequently
scanned, coded and analysed using the Statistical
Package for Social Science (SPSS) 22 (IBM, Armonk,
NY, USA), and SigmaPlot 12 (Systat Software Inc.,
California, USA) a scientific graphing and statistical
analysis software. The principal statistical analyses
employed were univariate (frequency distribution, cen-
tral tendencies and dispersion), bivariate (t-test (P ≤
0.05) and cross tabulations.
3 Result and discussion
3.1 Value chain characteristics
Smallholder farms cultivated the majority of the cassava in the
Wolayita zone with labor-intensive agronomic methods (refer
to Table 1 and Fig. 3). The prominent cassava VC actors in the
study area were farmers (who plant and sell standing crops to
collectors or other processor farmers); processor farmers
(who plant, procure standing crops and process fresh cassava
into dried chips), wholesalers, retailers, and millers (refer to
Fig. 3). Some of the enabling actors who are essential for
production and marketing of dry cassava include casual
laborers (including family labor), and collectors (brokers,
who were an intermediary between processor farmers and
wholesalers). Due to the labor intensive nature of cassava
harvesting and processing, about 13% of the total farmers
surveyed were selling their standing crop to the processor
farmers (remaining 87%). Sixteen percent of the respondent
processor farmers were selling the dried product to collectors
to avoid the inconvenience of arranging transportation and
labor for loading and offloading. However, the majority
(~80%) sold their products (sun-dried chips and chunks) di-
rectly to wholesalers and retailers in woreda level markets.
At rural household level, fresh cassava, like other roots
crops such as sweetpotato and taro, were boiled with red beans
and served with local sauces as a staple food. However, as
previously mentioned, the majority of cassava was subjected
to drying and milling into flour to make a composite with teff
and maize for the production of the final product, injera. As
the industrial application of cassava in Ethiopia is still in the
development phase only a small part of the production was
used to produce industrial starch and adhesive. Dried cassava
was transported up to 400 km to the national capital industrial
area. Collectors from Sodo reported about 1000 tons of cas-
sava were transported monthly to Addis Ababa, one-third of
this quantity was used in the non-food industry whereas the
majority went into the food supply chain of the national capital
and adjoining areas.
3.1.1 Production
About 33% of the surveyed cassava farms in Wolayita zone
were larger than half a hectare, and 63% of the farms were
mono-crop plantations. Qulle (104/72 Nigeria red) and Kelle
(44/72 Nigerian white) were the commonly-grown, improved
cassava varieties in the study area (high yield, disease resistant
and low toxicity) introduced into the country from Nigeria
(Anshebo et al. 2004; Atser 2012). Farmer to farmer exchange
and self-multiplication was the primary source of planting ma-
terial. Only 12.7% of the respondents mentioned government
and non-government bodies as an initial source of planting
Table 1 Background characteristics of value chain actors
Background
characteristics
VC actors (Percentages %)
Location
(Towns/Woreda)
Wholesalers
(n = 32)
Retailers
(n = 19)
Millers
(n = 23)
Farmers/
processors
farmers
(n = 63)
Sodo (Sodo-Zuria) 34.4 36.8 52.2 41.3
Bale (Kindo-koysha) 6.3 36.8 26.2 19.0
Gesuba (Ofa) 34.4 5.3 13.0 39.7
Arba-minch 6.3 10.5 0.0 NA
Hawassa 12.5 0.0 4.3 NA
Shashemene 6.3 10.5 4.3 NA
Sex
Male 90.6 84.2 100.0 69.8
Female 9.4 15.8 0.0 30.2
Age (years)
≤ 30 34.4 31.6 30.4 36.6
31–40 31.3 42.1 43.5 22.2
41–50 21.9 15.8 21.7 25.2
≥ 51 12.5 10.5 4.3 16.0
Education
No education 0.0 0.0 8.7 25.4
Primary 16.1 10.5 30.4 33.3
Junior secondary 61.3 52.6 52.2 38.1
Senior Secondary 12.9 21.1 4.3 0.0
University/College 9.7 15.8 4.3 3.2
Household size (persons)
≤ 5 51.9 46.7 55.0 35.5
5–10 40.7 46.7 40.0 56.4
> 10 7.4 6.6 5.0 8.1
Landholding (hectare)
≤ 1 NA NA NA 63.5
> 1 NA NA NA 36.6
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material. The yields in the Wolayita zone for the Qulle cultivar
was approximately 20 t/ha from a 24 month-old plantation
(based on direct weighing and measurement data from three
locations and discussions with crop holders). The average
yields on researcher managed sites for the varieties (Qulle and
Kelle) reported from the southwestern part (Jimma zone) of
Ethiopia ranged from 36 to 49 t/ha (Mulualem and
Weldemicheal 2013). Various other studies from the region also
reported similar yields (on the farm) ranging from 23 t/ha in the
Jimma zone (Mulualem 2012) to 20–24 t/ha in the southern
region (Tadesse et al. 2013; Mulualem and Dagne 2015;
Markos et al. 2016). The most important criteria for farmers
to select a cultivar were high yield and availability of low-cost
planting material; these findings are similar to previous studies
which reported yield, drought tolerance and early maturing as
some of the important cassava cultivar selection criteria for
farmers in the region (Mulualem and Dagne 2015). Previous
reports on the toxicity (cyano-glycoside content) of Qulle and
Kelle cultivars from Ethiopia showed a cyanide content of 69
and 50 mg/kg in fresh peeled root, respectively, which may be
reduced to below detection levels after processing into flour and
the final preparation of fermented flatbread injera (Nebiyu and
Getachew 2011; Kebede et al. 2012). No incident of acute or
chronic cyanide toxicity due to cassava consumptionwas report-
ed from the study area during the survey.
Inter-cropping was practised by nearly one-third of the
farmers, mostly with common beans during the first six
months to a year from planting cassava before the canopy
developed. In a recent review of the development of cassava
agronomy for the last two decades in Ethiopia, Markos et al.
(2016), highlighted that intercropping with haricot beans re-
sulted in a land equivalent ratio of 1.82, whichwas the highest
among all the other (cowpea, soybean, mung bean) intercrops.
The most valuable inputs for cassava cultivation in the
study location were labor and land; the majority of farms were
rain-fed and had no applications of mineral fertilisers. Out of
nine major cassava producing kebele in the zone, only one
(kebele Dakaya in Ofa woreda) had irrigation facilities.
More than 90% of the farmers did not have access to synthetic
fertilisers due to cost and availability issues. Only 23.7% of
the farmers had enough organic matter (farmyard manure) for
cassava cultivation. These observations are in line with the
results presented by Laekemariam (2016) in a study from
the Wolayita zone, which reports the lack of mineral fertiliser
utilisation in the region.
Tillage was performed by draft animals and manual la-
borers. The most common planting method was flat tilled,
which is the least labor intensive when compared to forming
ridges or mounds. The plant density varied from 9000 to
10,000 plants per hectare, following a typically recommended
row spacing of 1 m (Markos et al. 2016).
Farmers did not report incidents of any major cassava dis-
ease (such as cassava mosaic virus, brown streak virus or
bacterial blight) during production. However, 10% of the sur-
veyed farms were infested by scale insects. The scale insect
infestation significantly affected the leaves and stems which
also have economic value in the form of animal feed and
planting material (Shonga et al. 2012). The single most im-
portant species of scale insects reported from the southern
region of Ethiopia was Aonidomytilus albus (Shonga et al.
2012; Tadesse et al. 2013). Other than infestation by scale
insects, a few incidents of the meadow spittlebug (Family:
Aphrophoridae) were detected during the survey. The nymphs
of the spittlebug were found to be feeding on tender stems
covered with a typical frothy material (looking like human
spittle) which protects young insects from insecticides and
predators. There was no evidence of significant crop losses
due to these two insects; farmers in the study area were not
using any particular control measure.
3.1.2 Harvesting
Cassava harvesting was labor intensive with simple tools. To
harvest a ton of fresh cassava roots about 35 labor-hours were
required which is equivalent to ~ six worker-days (6 h/day
based on personal observations during the survey). The labor
requirement may depend on the cultivar, soil type and to some
extent the harvesting season. Previous studies from Asia and
Africa mention a labor requirement of up to 12 worker-days to
manually-harvest one ton of cassava (Cock 1985). The plant-
ing and harvesting times aligned with local climate conditions
in the study area are presented in Fig. 4.
The majority of the planting and harvesting activities over-
lapped with each other and took place in the dry season
(October–March). In the farms where soils are not sandy, har-
vesting and tillage activities during the dry season may be-
come tedious. The practice was very similar to other SSA
countries where cassava is planted at the beginning of the
rainy season and harvested in the following long dry season
when the starch content of the roots is highest (Howeler et al.
2013). Markos et al. (2016), mentioned that the best time for
cassava planting in the major cassava growing areas of
Ethiopia would be from March to May. The survey revealed
that more than 75% of the crop holders were planting cassava
in the first four months of the dry season. However, about 25%
were planted at the onset of the first rains in February and
March. The peak harvest time for cassava was from October
to January. In this period, 90% of the farmers were harvesting
and drying cassava. The primary reason for harvest to take
place in these months was due to the availability of higher
solar radiations and minimal rains which are required for the
sun-drying process.
The optimal harvesting maturity for cassava is about 18–
24 months (Cock 1985; Bokanga 2000). Recommendations
for the cultivars Qulle and Kelle from the local agricultural
research station (Areka, Wolayita) were to harvest after
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18 months (Markos et al. 2016), but the majority of the crop
holders did not follow the recommended harvest index. The
average time after planting for harvest was 27months, ranging
from 18 up to 36 months. The primary reason provided by the
farmers for delayed harvest was to obtain higher yield, which
may be due to the low input production systems where root
growth takes a longer time to reach optimal yields. However,
farmers reported that the starchy root tends to become woody
and start rotting after 36 months. The harvesting pattern was
gradual or progressive harvesting (depending on the process-
ing capacity of the individual crop holders and market de-
mand) over 5–6 months starting between October and
November until March.
3.1.3 Processing, packaging, and transportation
Processing of freshly harvested cassava roots starts simulta-
neously with harvest without any delays. Contrary to conven-
tional harvesting practices, processing (peeling and chopping)
was primarily carried out by women and children (particularly
young girls). The peeling and chopping operations were man-
ual, using locally available household knives and chopping
boards. Due to a lack of water, washing of the roots after peel-
ing was not common practice. The dust and soil particles were
brushed gently by hands or brooms before peeling. To peel and
chop one ton of fresh cassava roots about 80 labor hours were
required. The rough chopping led to wide deviations in slice
thickness varying from 1 to 5 cm, resulting in long periods
during sun-drying. Moreover, during the peeling and chopping
operations, women often sustained hand injuries. Only a few
processor farmers (3% of total responders) were in possession
of a cassava chipper. This is a low capacity manually cranked
instrument, constructed of mild steel and cast iron, and distrib-
uted by local non-government development organisations.
The drying process was 100% sun-drying, during the dry
season. The typical drying surface was a black plastic sheet
with a mean drying time of six days ranging from 4 days (with
constant adequate sunshine) to 14 days (in case of cloudy or
rainy conditions). Renting the plastic sheet from neighbours
was also a common practice, with a daily rent of up to 30 ETB
(1.5USD). About 70% of the processor farmers had plastic
sheets, whereas 16% were renting and close to 14% were
using brushed grass covers due to non-availability of plastic
sheets. None of the processor farmers had access to
mechanised or solar drying technology.
During the drying process, the mass of freshly peeled cas-
sava reduced by ~ 50%, from an initial moisture content (MC)
of 65% to a final MC of 12–15%. The touch and feel method
(by cracking and biting the dried chips) to test the dryness of
the product to be packed and stored was the only technique
available to producers to determine the optimum time to ter-
minate the drying process. The method proved to be effective
as the samples, which were approved by processor farmers
after cracking and biting, had a final MC of below 13%. A
mass flow diagram at different stages of processing and usage
is presented in Fig. 5.
The standard packaging for dry cassava chips or flour was
100 kg polypropylene sacks, which are inexpensive and easily
available; such packaging was used for most of the other ag-
ricultural products nationwide. Standard transportation modes
to local markets (woreda level towns) were donkey carts (ca-
pacity of 3–5 sacks), whereas, mini-trucks with a capacity of
50 sacks (5000 kg) were used for urban markets such as
Hawassa, Sheshemene, Abra-minch, and Addis Ababa.
3.1.4 Marketing and storage
One of the advantages of converting fresh cassava into dried
chips is that the dry product can be stored for longer periods
and thus can be used to fill seasonal gaps in availability of
food. Moreover, the motivation, especially for processor
farmers to store dried cassava was to obtain higher financial
returns. An important factor governing the price of cassava is
the production season (dry season), the supply of dried cassa-
va chips overrunning demand, causing prices to crash to their
minimum. The high and low prices on average are 4.9 and 2.9
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ETB/kg, respectively. Prices were significantly higher (P-val-
ue < 0.001) in the rainy season. Another important factor
which played a role in the increased price of cassava chips
and flour during the rainy season was their being the cheapest
source of calories; per unit cost of cassava product was as low
as 25% of teff and 66% of maize prices. Local prices of teff
and maize also tend to increase during the rainy season. The
seasonal variation in cassava price along with teff and maize is
presented in Fig. 6.
Balta et al. (2015) stated that in Sodo Zuria the peak
hunger periods were from April to August, which is per-
fectly in line with increased cassava prices. Hence, a sud-
den increase in price during this time may be a result of a
higher number of consumers switching to cassava use in
injera or a higher proportion of cassava in the composite
flour reducing the amount of the relatively costly maize
and teff during the rainy season. Such a price phenomenon
is prevalent in communities where a large proportion of the
population is poor. Similar examples are reported from
countries such as Indonesia, where an increase in the price
of staple and more valuable crops like rice leads to higher
consumption of cassava-based food products (Cock 1985).
Keeping dry products for extended periods benefits proces-
sor farmers and traders (wholesalers and retailers) economi-
cally, but storage is a challenge and a risk due to poorly man-
aged warehouses. Consumers in the study area preferred to
buy chips rather than flour and bring the chips to the mill
themselves to ensure the quality of the product and prevent
adulteration with pest damaged chips. Hence, most
wholesalers and retailers store cassava in the form of dried
chips rather than flour. Packaging and store conditions were
not suited to protect the dry cassava chips from insect attack
and damp. The two most pressing storage problems reported
by VC actors (processor farmers and traders) were damage
from insect pests and moisture related fungal growth (black-
ening of the cassava chips). Where some species of
Aspergillus are involved, aflatoxins, which are toxic and car-
cinogenic, may be produced (Tadesse et al. 2013).
The four most prevalent insect pests infesting dry cassava
chips in the study area were identified and ranked 1–4 with 1 as
the most damaging) (Table 2). Ranks were allocated based on
the damage perceived by wholesalers and retailers in three
woreda marke t s . The mos t damaging pes t was
Heterobostrychus brunneus, the boxwood borer and auger
Fig. 5 Mass flow balance from
fresh tubers to cassava flour.
Note: *The ratio of Teff: Maize:
Cassava in the study area is
approximately 50:25:25.
However, there are many
variations, depending on the
preference of consumers and
price of expensive cereals such as
Teff
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beetle. A more detailed report on the identification and infesta-
tion of the pest from the study area has been provided by
Parmar et al. (2017a). H. brunneus has been considered to be
a destructive pest of dried cassava in West Africa (Stumpf
1998) and Bellotti and Schoonhoven, (Bellotti and van
Schoonhoven 1978) reported H. brunneus also as a common
stem borer for standing cassava crops, thus the beetle poses a
dual threat. Rhyzopertha dominica, the lesser grain borer, is
common in tropical and sub-tropical cassava storage sys-
tems (Golob et al. 2002), whereas Gnatocerus cornutus, the
broad-horned flour beetle, is a secondary pest found in
various farinaceous (starch containing) materials. Although
Sitophilus zeamais is a major pest for maize, the insect is
polyphagous and has been reported to infest not only ce-
reals (buckwheat, oat, sorghum, millet) but also cassava
and yam chips (Hagstrum et al. 2013). Further minor insect
pests which infested dried cassava chips in the study area
were Tribolium spp. and Lyctus spp., which belong to the
Tenebrionidae and Bostrichidae families, respectively. One
of the most damaging insects of dried cassava in SSA is
Prostephanus truncatus (Hodges et al. 1985; Chijindu et al.
2008; Isah et al. 2012) but in Ethiopia it was not reported
until 2015 (APHIS 2015; CABI 2015) and was not found
in the surveyed area.
None of the processor farmerswas using any management
measures for prevention of insect infestation during the stor-
age of cassava. The majority of the wholesalers (65% of total
responders) used insecticides to manage insect infestation and
re-sun-drying (opening the bags and leaving them in the sun)
to prevent fungal growth. The most common insecticides
which were available in the local markets and frequently used
by traders as multipurpose insecticides for most crops were
Malathion dust 5% (trade name: Ethiolathion, Adamitulu
Pesticides Processing Share Company, Addis Ababa) and
Aluminum phosphide (56% tablet) fumigant insecticides.
3.2 Food losses and by-products
One of the reasons why cassava has been so successful in low
input agricultural systems of tropical and sub-tropical regions
is its excellent use value. Every part of the plant is used and
has economic importance (Westerberg et al. 2012). The
starchy roots are used as a source of carbohydrates, the stem
as planting material and firewood, the leaves as vegetable and
animal feed and the peel as animal feed or compost. Hence, it
is important not only to record the food losses of the cassava
root but also the extent to which by-products are lost at each
stage of the VC. The estimated physical quantities of food
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Table 2 Major insects/pest identified infesting dry cassava in the study area
Rank* Common name Species name Family
1 Box-wood borer Heterobostrychus brunneusMurray, 1867 Bostrichidae (Horned Powder-post Beetles)
2 Lesser grain borer Rhyzopertha dominica Fabricius, 1792 Bostrichidae (Horned Powder-post Beetles)
3 Corn weevil Sitophilus zeamais Motschulsky, 1855 Curculionidae (Snout and Bark Beetles)
4 Broad-horned flour beetle** Gnatocerus cornutus Fabricius, 1798 Tenebrionidae (Darkling Beetles)
*Note: Rank of insect species was provided by observations and discussions with traders in three woreda of the study area
**G. cornutus is a secondary pest which feeds on the powdery dust produced by an initial infestation of powder post beetles
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losses and associated inedible parts produced along the cassa-
va VC with the type of material, the cause of food loss and
destination use of each element are presented in Table 3.
Storage of dry cassava chips and sun-drying process were
considered to be ‘critical loss points’ in the cassava VC.
3.2.1 Production and harvesting
At harvest the relative ratio (dry matter basis) of leaf:wood
(stem and stump):storage root was 1:6:10 (moisture contents
of stems and leaves are ~ 65 and ~ 70% respectively (Wobeto
et al. 2007; Xue et al. 2015)) for theQulle cultivar. It is hard to
compare these fractions with other studies as the yields may
vary significantly depending on the variety, the age of the
plant, the plant density and soil fertility and climate
(Ravindran 1993; Westerberg et al. 2012). Leaf dry matter
reported by a previous study ranged from 1 up to 4 t/ha at root
maturity Ravindran 1993). The biomass of cassava stems can
be 50% of the root mass (Zhu et al. 2015) and this was also
found in the study area where the stem biomass was close to
10 t/ha and the root yield 20 t/ha (Table 3). In the study area,
cassava cultivation was primarily for its roots, whereas leaves
were used as a secondary source of animal feed. Considerable
portions of fresh leaves were left in the field as green manure
due to practical problems of keeping the wet leaves for an
extended time, fear of toxicity, cultural bias against using
leaves as human food and transportation issues (personal ob-
servations of the first author). Some cassava stems were used
as planting material (on farm or sold to other farmers), and the
rest was used as firewood (after drying) and fencing. Food loss
(the loss of edible cassava root) at production and harvesting
stages was not detected.
3.2.2 Processing, packaging, and transportation
Mass of cassava peel varies from 15 to 25% of the
whole root (Grace 1977; Oguntade 2013); it comprises
an outer cork-layer (dark-brown) consisting of cork cells
and phellogen and an inner part composed of phello-
derm and phloem. In the study, the peel mass was about
21.6% of the unpeeled root. Due to inappropriate peel-
ing tools and the labor-intensive nature of the work, it
was hard to avoid a minor loss of pulp during peeling
(~1% of whole root mass). However, processor farmers
were careful about losing starchy root mass during the
peeling process. Other minor by-products during sorting
Table 3 Mean food losses and associated inedible parts along the dried cassava (chips/flour) value chain in southern Ethiopia
Process Activities Food losses Inedible parts Type of material Destination use Causes of food losses
Harvest* Removing canopy+ (t/ha) NEGL 9.2 ± 1.2 Stems Planting material /fire wood. NA
NEGL 2.2 ± 0.2 Leaves with
petioles
Animal feed/compost NA
Digging/soil loosening/ root
pulling (t/ha)+
NEGL 3.8 ± 0.9 Stumps As fire wood or refuse NA
Too small and woody roots (t/ha)+ NA 1.8 ± 0.2 Cassava roots Animal feed Too small
and woody
for processing.
Post-harvest Peeling (% of unpeeled roots)+ 1.24 ± 0.7 21.57 ± 4.56 Peels Compost/ animal feed Inappropriate
peeling tool
Chopping (%) NEGL NA NA NA NA
Sun-drying (%) - ** 3.8 ± 2.4 NA Edible roots Refuse/animal feed Pilferage, domestic
and wild animal,
unpredictable
rainfall occurrence,
theft
Packaging (%) NEGL NEGL NA NA NA
Storage (at Farm) - (%) ** 11.46 ± 9.3 NA Dry chips Refuse/animal feed Insect, pest and mold
Transportation (%) NEGL NEGL NA NA NA
Storage (at Market) - (%) ** 14.28 ± 13.26 NA Dry chips Refuse/animal feed Insect, pest and mold
Sorting (%)− NEGL 4.5 ± 2.9 Woody and insect
damaged chips
Animal feed/refuse Removal of woody
parts, unwanted
material
Milling (%) + 1.9 ± 0.7 NEGL Cassava flour No use (lost as dust) Stone Mills, poorly
secured outlets
Sieving (%) + NEGL 3.8 ± 1.4 Cassava bran Animal feed NA
NEGL, Negligible; NA, Not applicable
*The inedible parts associated with harvest activities correspond to a yield of unpeeled tubers of ~20 t/ha of the Qulle cultivar. (+) The data is based on
direct weighing (Yield data: extrapolated from plot size 8 m × 24 m, three replicate plots/harvest treatment). (−) The data builds on survey and
questionnaire results and estimates based on experiences of VC actors at a particular stage
**Critical loss point
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of cassava chips before milling and sieving were woody
and unwanted cassava parts and cassava bran (fibrous
material; Table 3).
Losses during sun drying (about 4% of the fresh root mass)
were mostly due to random precipitation events which resulted
in fungal growth, along with other minor causes such as pilfer-
age, consumption by wild and domestic animals and, in some
extreme cases, theft. The processor farmers needed to guard the
cassava during sun-drying and cover it in the event of unexpect-
ed rains. As drying takes ~ 7 days, at night time the product was
also covered and put inside if possible to protect it from theft and
wild animals.
3.2.3 Marketing and storage
The average food losses during storage at farm and market
were the highest along the VC. A representation of variability
in percentage weight loss of dry cassava (box-and-whisker
plot) at the farm and market in line with frequency of storage
duration (in percentage) for processor farmers and market
traders is presented in Fig. 7. Approximately 30% of the pro-
cessor farmers stored dried cassava chips for more than three
months at the farm level, mostly due to the increased level of
weight loss due to insect infestation. Conversely, 50% of the
traders kept dried cassava roots in warehouses for more than
threemonths. The storage losses indicated a linear relationship
with the length of the storage period. The mean losses for
more than six months storage at market warehouses was ap-
proximately 30% of the total volume stored. However, at the
farm, the mean losses were close to 18% for a similar duration.
At market due to the presence of various cereals and grains in
the proximity of dry cassava, the swiftness and extent of in-
festation was higher. There was large variation in the losses for
more than six months of storage; at the farm (processor
farmer) the losses varied from 10 to 30%, and at the market
this variation was 10–50%. This variation was because ‘more
than six months’ could extend up to two years.
In Sodo, wholesalers and retailers reported that damage
in both wet and dry seasons was similar and attributed this
to insect infestation. However, in Bale and Gesuba the dry
season was reported to have the higher infestation. The rea-
son for this variation could be due to the lower altitude of
Bale and Gesuba (1245 and 1499 m respectively), whereas
Sodo is a highland area with an elevation of 2092 m.
Comparable magnitudes of losses during dry cassava stor-
age have been reported from various tropical countries such
as India, Ghana, Tanzania and Togo where these varied from
12 to 30% during three to six months storage (Wright et al.
1997; Stumpf 1998).
The single most important cause of weight loss recorded by
previous investigations from SSA in dry cassava product was
the wide range of insect species (Prostephanus truncatus,
Sitophilus spp., and Ryzopertha dominica) feeding directly
on cassava chips (Hodges et al. 1985; Wright et al. 1997). In
a recent review of post-harvest losses in SSA, Affognon et al.
(2015) reported these ranged from 20% to 75%, during 3–
4 months storage and was primarily due to insects. Insect
and mould damage to cassava chips cause considerable price
discounts (up to 50% (Affognon et al. 2015)) or total rejection
by customers. As previously stated, household consumers,
especially in the Wolayita zone (who were buying cassava
for their consumption, excluding the food catering industry
and commercial injera makers) preferred to buy chips rather
than flour to assure the quality of the cassava (i.e. free from
insect and mould damage).
The final milling step before cassava flour can bemixedwith
teff and maize was conducted exclusively with multi-purpose
electric motor run stones or mortar mills. Flour mass recovery
was 98.1%. The literature on milling losses for cassava is lim-
ited; studies from Nigeria recommend hammers, pin mills and
disc attrition mills (Emmanuel et al. 2010; Adesina and Bolaji
2013) for finer and higher flour recovery from dried cassava.
3.3 Constraints and opportunities
The cassava crop in Ethiopia is of strategic importance
in order to combat food insecurity owing to drought.
Ethiopian national research programs and international
research institutes, such as IITA, are taking steps to-
wards increasing cassava production and adapting new
cultivars to the country’s conditions. However, post-
harvest VC development of the crop, especially towards
improving the final product quality and reduction of
food losses has been overlooked. Although the perspec-
tive of cassava expansion in the country is optimistic,
the production and post-production systems in Ethiopia
face some challenges. A SWOT matrix demonstrating
the strengths, weaknesses, and opportunities for the cas-
sava crop in Ethiopia is presented in Table 4. Particular
stages in the cassava VC in the study area are discussed
in the following sub-sections.
3.3.1 Production and harvesting
Long bulking times (24–36 months after planting) for
the two predominant cassava cultivars (Kelle and
Qulle) and labor requirement for manual harvesting of
cassava root are two major concern for farmers during
production and harvesting. The recommended optimum
maturity for these cultivars was about 18 months.
However, farmers tend to delay harvest in order to ob-
tain higher yields. Lack of fertilizers and irrigation also
play a role in slower accumulation of starch in the stor-
age roots, which motivates farmers to extend crop du-
ration. Keeping roots in-ground for long may also result
in lignification and an increase in the incidents of biotic
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stress (rodent, pest and microbial) (Uchechukwu-Agua
et al. 2015). For example, as mentioned before, scale
insect infestation was present in close to 10% farms,
for which the only possible control measures are
phyto-sanitation and the introduction of naturally occur-
ring predators such as Cybocephalus spp. (Lozano et al.
1981; Shonga et al. 2012). Adoption and adaptation of
early bulking and bio-fortified (β-carotenoids, iron and
zinc rich) varieties can help farmers reduce delays in
harvest and improve the overall nutrition obtainable
from cassava, respectively (Howeler et al. 2013;
HarvestPlus 2016; Parmar et al. 2017b). Regarding har-
vesting methods, manual or pull-tool assisted cassava
root harvesting are universally the most prevalent
methods, however, in some Asian and Latin American
countries tractor mounted mechanical harvesters have
been used on large commercial plantations (Parmar
et al. 2017b). In Ethiopian conditions a pull-tool (also
sometimes referred as an up-rooter) can be introduced.
Better use of cassava by-products in the study area is re-
quired. For example, cassava leaves and peels have potential
as animal feed. In the current literature, cassava leaves are
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sometimes referred to as ‘tropical alfalfa’ and are compared to
soybean meal due to their high protein content (Morgan and
Choct 2016; Parmar et al. 2017b), indicating their importance
as animal feed, usually in the form of dry meal or silage.
3.3.2 Processing, packaging, and transportation
The inherent perishability of fresh cassava roots due to post-
harvest physiological disorder (PPD) is a major problem for
cassava producers and processors around the globe (Bokanga
2000; Oguntade 2013; Uchechukwu-Agua et al. 2015; Parmar
et al. 2017b). The only practical solution which is currently
available to the smallholders in the study area was to harvest a
part of the total production which can be processed within a
day (Nduwumuremyi et al. 2016). When most of the cassava
is produced for sale rather than home consumption PPD cre-
ates a serious bottleneck for processor farmers and collectors
due to the high manual labor requirements in a short period,
which diminishes the producers’ profit margins. The con-
straint (availability and cost) was mainly associated with man-
ual peeling and chopping (slicing) and long open-air sun-dry-
ing periods. Lack of drying surface (plastic and polythene
sheets) was a common concern of the processor farmers, some
being forced to dry their cassava on brushed grass covers.
The intervention focus should be on implementing
low-cost peeling, chopping and drying technologies to
reduce labor hours, and drying times to improve the
quality of the end product (cassava flour) and to reduce
food losses. Some improved solar drying technologies
suitable for cassava, based on mix-mode and natural
convection, were discussed by Vijayavenkataraman
et al. (2012) in a review on solar drying of agricultural
produce. The basic low-cost equipment for peeling and
chopping has been developed in other major cassava
producing countries (especially in West Africa) with
similar socioeconomic backgrounds (Bokanga 2000;
Emmanuel et al. 2010; Howeler et al. 2013). For exam-
ple, equipment such as handheld modified cassava
peelers and mechanised grater/choppers used in Nigeria
and Ghana can be directly introduced into the southern
Ethiopian cassava producing areas. It is anticipated that
introduction of such equipment would reduce losses,
minimise the cost of labor and improve the quality of
the final product. Naziri et al. (2014) related the higher
mechanisation in South East Asia to lower post-harvest
losses in comparison to SSA. Since the majority of cas-
sava is used in the form of a flour composite with other
cereals in Ethiopia, the introduction of HQCF (High-
quality cassava flour) production technology based on
Table 4 SWOT matrix of Ethiopian cassava production and post-production system
Swot Positive Negative
Internal Strengths Weaknesses
1. Favorable climatic and edaphic conditions for
adaption and adoption of high yielding cultivars.
2. Suitable for typical low input agricultural systems
of Ethiopia.
3. Cassava thrives in marginal soils and periods of neglect.
4. Suitable for intercropping and as a fencing crop.
5. Suitable for areas prone to erratic rainfalls.
6. Good drought tolerance
7. Most economical source of calories during periods
of food shortage.
8. Ability to blend cassava flour with other staple produce
1. Late bulking (24–36 months).
2. Fragmented production by smallholders
and informal marketing channels.
3. Weak market price mechanism (fluctuations
in market price).
4. Low product quality.
5. Lack of mechanization (particularly, manual
peeling, chopping and, open air sun-drying).
6. Poor storage infrastructure (for the fresh and
dehydrated product).
7. Poor insect pest management at farm and market.
8. Lack of awareness and poor promotion of various
cassava based products.
9. Lack of crop national data base/ statistics.
10. Lack of cassava based food safety standards.
External
Opportunities Threats
1. Cassava roots and leaves as livestock feed.
2. Introduction of High-Quality Cassava Flour
(HQFC) technique.
3. Promotion of cassava and other cereal composite
flours in the bakery industry.
4. Introduction of yellow cassava (Vitamin A rich).
5. Industrial application (starch and starch based products, bio-ethanol).
6. Development of centralized cassava processing units at woreda level.
7. Co-operative based marketing and development.
8. Better use of cassava peel.
9. Rural employment and income generation in cassava based products.
1. The low market.
2. Storage and vector insect pests (notably, whiteflies
and Larger Grain Borer (LGB)).
3. Fear of cassava toxicity disorders among consumers.
4. Threat from East African strains of cassava mosaic
virus (EACMMV, EACMV-UG) expansion in the region.
5. Yield losses and soil degradation as a result of the low-input
farming system.
6. Weak market demand as disposable incomes rise in the
country (perception as poor man’s food).
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pressing cassava mash before drying could significantly
improve the quality of the product and reduce drying
times. HQFC is a fine flour that is not fermented and
is odourless, making it ideal for application in Ethiopia.
Industrial application of cassava in Ethiopia is in its
infancy. Apart from a minor use for starch and adhesive
production, potential uses such as livestock feed, starch
derivatives (glucose, sucrose), the beverage industry and
bio-ethanol production are non-existent. Ethiopia pro-
vides immense potential for cassava to be transformed
from a famine reserve and rural staple to an industrial
crop.
3.3.3 Marketing and storage
Insect infestation during storage of dried cassava chips
was the leading cause of losses (~ 30% of the total
mass for storage longer than 6 months) at farm and
market stages of the VC. These results are similar to
those of other cassava producing countries (Hodges
et al. 1985; Affognon et al. 2015; Hell et al. 2014).
Insect management by traders and processor farmers
need improvement. The contact insecticide, Malathion,
may leave considerable residues in cassava flour (Uygun
et al. 2005; Hell et al. 2014) and the fumigant
(Aluminum phosphide) needs to be accompanied by air-
tight storage systems or packaging. Hermetic packaging
is an economical option (commonly known as PICS
(Purdue Improved Crop Storage) bags). However, they
are only able to reduce losses if the product is free from
any insects at packaging because the expulsion of air
from cassava chips may not be as effective as that from
grains and cereals, owing to air being trapped between
the chips) (Hell et al. 2014). Development of other non-
chemical options such as economical insect-proof pack-
aging, use of pheromone traps, and general store hy-
giene, would not only reduce the storage losses of cas-
sava chips but could be applied to other grains and
cereals with similar problems. Experience from other
SSA countries shows that the chances of adoption of a
novel or improved technology are higher when its intro-
duction is conducted in a participatory and inclusive
manner (Nduwumuremyi et al. 2016). Thus, the inter-
ventions at various stages to improve cassava VC effi-
ciencies have to be based on multi-stakeholder
collaborations.
4 Conclusion
Although cassava is relatively new in Ethiopia, the crop
plays an important role as a staple in the diets of people
living in the southern region. Its importance is even
higher during the lean season when other staples be-
come relatively expensive for the poor. The predominant
use of cassava in the study area was in the form of a
composite flour with teff and maize to prepare staple
flatbread, commonly known as injera. Storage of dried
cassava chips was identified as the primary food loss
‘hot spot’ (on average 12–14% loss of mass). The most
important insect pest responsible for these losses were
G. cornutus, H. brunneus, R. dominica, and S. zeamais.
Open air sun-drying due to its long duration and depen-
dency on dry weather conditions was responsible for
food losses of up to 4% of the freshly peeled root mass.
Other cassava VC stages, where minor (1–2%) food
losses occurred, were peeling and milling operations.
This study calls for a number of interventions, which
are required to reduce food losses and improve the
quality of the product at various stages of the cassava
VC in the study area. Training of the processor farmers
in better use of the by-products generated during cassa-
va production and processing could bring additional
benefits. Moreover, the focus of the current study was
limited to the southern region of the country. Extension
of future studies to other cassava production areas
(southwestern and Gambella regions) could provide fur-
ther insights and comparisons within the country.
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